Abstract. The purpose of this study is to determine the optimal angle of wings which is attached to an oscillating body located in an incompressible flow. At present, there are some bridges with wings to prevent oscillation by the wind. The angle of the wing is very important so as to minimize the oscillation of bridge. In this study, the angle to minimize the oscillation is presented by optimal control theory. In order to minimize the oscillation, the performance function which is expressed by the displacement of body is introduced. The performance function should be minimized satisfying state equation. This problem can be transformed into the minimization problem by the Lagrange multiplier method. As a minimization technique, the weighted gradient method is applied. For the discretization, the arbitrary Lagrangan-Eulerian(ALE) finite element method is applied to solve the FSI problem. The optimal control of an oscillating bridge is shown as numerical study.
Introduction
It is very important to analyze fluid flow of around a body. When a body is put in fluid flow, the Karman vortex occurs. The Karman vortex has various influences for structures. For example, a collapse of bridge happened to the Tacoma Narrows Bridge in Washington, United States of America in 1940. It happened by the Karman vortex excitation that is occurred because of side winds. Various analysis and experiments on oscillating bodies by fluid force have been considered various ways by physical scientist since the accident.
At present, there are some bridges with wings to prevent oscillation by the wind. Angles of these wings are determined by the wind tunnel experiment. It can be got a lot of data on physical quantity quickly, but the experiment requires a high cost, and it takes a lot of times to prepare models. Therefore, it is necessary to determine the angle by numerical analysis.
Therefore, an optimal control of an oscillating bridge with a wing is presented in this study. The body is assumed to be a bridge with a wing supported by the elastic spring. The Navier-Stokes equation is employed to express the motion of fluid around the body. The angle of wing is determined based on the optimal control theory.
State Equation
The Navier-Stokes equations are employed, and It can be expressed by the non-dimensional form in ALE method as follows: t is traction vector, and i n is unit vector of outward normal to Γ . A rigid body is assumed to have three freedom degrees in two-dimension. The motion equation is expressed as:
where ρ V and µ F are displacements and rotational angle from the barycenter of the body and the fluid forces, respectively. 
Formulation
Performance function. The purpose of this study is to minimize the oscillation of the body. In order to minimize the oscillation of body, the performance function J is introduced. J is defined by the square sum of displacements for the body and expressed as:
where µ V and µρ Q are the displacement of the body and the weighting diagonal matrix, respectively. In the optimal control theory, the optimal condition can be derived if the performance function is minimized. In case of this study, the oscillation of the body can be minimized when the performance function is minimized.
Extended performance function. The performance function should be minimized satisfying the constraint conditions which are the state equations (1) and (2) . The Lagrange multiplier method is suitable for minimization problems with the constraint conditions. The Lagrange multipliers for the state equations (1), (2) and (3) Minimization technique. As the minimization technique, the weighted gradient method, which seems to be scarcely dependent on the initial value, is applied. In this method, a modified performance function ) (l K is obtained by adding a penalty term to the extended performance function. The modified performance function is expressed in this form:
where l and W are iteration number and weighting parameter, respectively. When the modified performance function converges to zero, the penalty term also does zero. The minimization of the modified performance function is equal to the minimization of the extended performance function. When the stationary condition is applied to the modified performance function, the update angle of the wing is calculated at each iteration cycle by the following equation:
Numerical Study
As a numerical study, the optimal control of an oscillating bridge with wings is carried out. The computational domain and boundary conditions are shown in Figure. 1. The finite element mesh is shown in Figure. 
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Numerical Result
As numerical result, the computed variables which are obtained by the optimal control are shown. The variation of the performance function is shown in Figure. 3. The variation of the angle of the wing is shown in Figure. 4. The initial and final displacements of the bridge are shown in Figure. 5. The initial and final velocities of the bridge are shown in Figure. 6.
Conclusion
In this study, an optimal control of an oscillating bridge with a wing in an incompressible flow is presented. An oscillating bridge located in the transient incompressible viscous flow can be analyzed by the ALE finite element method. As numerical study, an optimal control of an oscillating bridge with a wing in an incompressible flow can be carried out. You can see that the angle which the oscillation is minimized is obtained. 
